Introduction
It is believed that the sympathetic nervous system through its peripheral distribution, and possibly through central connections, exerts, at least' in part, a control on vasomotor tonus.
In recent years, several series of experiments on dogs have been conducted in this laboratory to determine the course of vasomotor fibers as measured by thermic changes in the feet after arterial ligation and section of the spinal cord at various levels.0"1 The occurrence of vasodilatation in the dog's foot was observed after hemisection or transection of the spinal cord at a level as high as C-1. It seemed advisable subsequently to investigate the possibility of a central vasomotor regulatory mechanism, and to fix, if possible, the locus of control of this particular phenomenon. Furthermore, it seemed important to consider two other functions;--the r8le of arterial blood pressure changes, and the r8le of body temperature changes in connection with peripheral temperature manifestations induced by sympathetic nervous system control. The present communication is a report on the approach which has been made to these problems.
Review of the Literature For more than half a century, the question of the existence of a vasomotor center has occasioned theoretical speculation and experimental investigation. As early as 1870, Owssjannikow,'2 a pupil of Ludwig's, stated that the floor of the fourth ventricle, more specifically the formatio reticularis grisea, was the seat of a "main" vasomotor center. In 1873, Dittmar,10 after a study of serial sections of the medulla oblongata, reported the existence of a vasomotor center in the brain stem. In Bechterew's laboratory, Brustein8 conducted experiments on dogs and demonstrated that electrical stimulation of the floor of the fourth ventricle resulted in an immediate fall of blood pressure. Again the conclusion was reached that the formatio reticularis grisea was the seat of a vasomotor center. In 1932, Nordman and Muller28 carried out similar experiments and their results agreed essentially with earlier findings.
Scott and Roberts,38 in their publication in 1923, briefly reviewed the work of Dittmar,"0 Miller and Bowman, 23 Ranson and Billingsley, 36 Bayliss,3 Porter,34 and Porter and Turner" in regard to the question of a distinct vasoconstrictor versus a vasodilator center in the medulla. Scott and Roberts found that in the cat medulla, electrical stimulation of the area postrema caused slowing of the heart beat and peripheral vasodilatation; similar stimuli applied to the inferior fovea resulted most frequently in a rise of blood pressure.
In their conclusions they confirm the existence of a "depressor point" in the area postrema, previously noted by Ranson and Billingsley,36 but they believe that the evidence is insufficient to designate an area for the vasoconstrictor center distinct from a vasodilator center. Muller25 has tentatively placed a vasomotor center in the corpus Luysi. Leiter The animal was placed on his belly, the head was shaved and supported on a horse-shoe-shaped stand. The padded ring was placed so as to allow its open portion to be under the dog's throat, thus allowing for forward flexion of the head with a minimum of tracheal compression. If necessary, a further injection of sodium amytal was given at this stage. Under sterile conditions a midline incision was made, commencing just above the lambdoidal suture and extending down the neck region for about 10 cm. The incision was then carried down through the fascia and periosteum. With a periosteal elevator, the muscles and periosteum were freed and retracted laterally. Just below the lambdoidal suture and in the midline, a burr-hole was made through the occipital bone, and sufficient bone was rongeured away to give a defect with a transverse diameter of not more than 1.5 cm. In length the exposure varied, but always included a removal of the bony structures forming the posterior portion of the foramen magnum. Subsequently the dura was incised, visualizing the tip of the vermis cerebelli and the lower portion of the brain stem. The cisterna magna was punctured and the vermis cautiously retracted until the floor of the fourth ventride could be identified. With a sharp paracentesis knife, lesions were made in the floor of the fourth ventricle. For the exact location of these, see Table 1 and the protocols.
If a peripheral temperature reaction followed the lesion, and if the animal survived it was allowed to remain in the constant temperature room for from 12 to 16 hours, and was then returned to its cage. The animal was given H20 as soon as it came out of anesthesia. Neurological examinations were made daily for three to four days postoperatively. Postoperative temperature records were obtained at about weekly intervals. The animal was trained to lie quietly on a mattress, in such a fashion as to allow the best exposure of its hind limbs-only a narrow band placed around its thorax and attached to the mattress restrained the animal. These postoperative records were usually taken over periods of three or four hours.
Group II (Experiments 24 to 32 inclusive)
The procedures in this group were essentially those of Group I with this exception: following the ligation of the femoral arteries and the establishment of peripheral vasoconstriction, and after the exposure of the region of the brain stem (the dura having been left intact), the femoral arteries were connected with an apparatus to determine blood pressure. This consisted of a Kaufman-Luer syringe, one end of which was inserted and tied into a femoral artery. The side tip of the syringe was connected with rubber tubing containing 10 per cent sodium citrate, which in turn was attached to a mercury manometer. It was thus possible to obtain records of the blood pressure in each hind limb. After the blood pressure was determined, the dog's head was turned on its left side, while the trunk and leg remained with their dorsal surfaces facing the dog-board. Blood pressure readings were taken at intervals of five minutes. The dura was then incised, the floor of the fourth ventride exposed, and a suitable lesion was then made. Each step of the procedure and its time of occurrence were noted on the blood pressure charts.
The postoperative temperature records were taken on animals in this group as in Group I.
Group III (Experiments 1 to 12 inclusive)
This group consists of 12 experiments in which the experimental conditions were the same as in Group I, but the lesions were made in various portions of the brain stem, thus: cerebral peduncle, right side at point of exit of third nerve, one; pituitary body, right side, one; third ventride (approach through corpus callosum), six; mammillary bodies (unilateral injury), McLean approach, four. As injuries to these regions showed no peripheral temperature reaction, this work was chiefly devoted to a more careful exploration of the floor of the fourth ventride. Under aseptic precautions, the right and left femoral arteries were ligated directly above the profunda femoris branch of this artery. Peripheral temperature of the paws fell slowly (3 Y2 hours) to the level of temperature maintained in the room.
After the peripheral temperature had fallen, the usual suboccipital approach to the floor of the fourth ventricle was made under sterile pre-cautions. The area of the vermis was exposed, but the dura was left intact. The dog's head was now turned on its left side, the trunk was allowed to lie straight on the dog-board, thus allowing easy access to the region of the femoral arteries.
A Kaufman-Luer syringe (2 cc.) was tied into each femoral artery and connected by tubes containing Na citrate to a mercury manometer. Thus it was possible to observe constantly the blood pressure in the left and right lower extremities.
Blood pressure readings were taken at intervals of five minutes. When the manometers showed that little change in blood pressure was being registered, the dura was incised. The vermis was exposed and retracted so that about l cm. of the ventricular floor was exposed. With a paracentesis knife, a small, fairly superficial lesion was made on the right side at the most cephalad portion of the area postrema, as far lateral as possible, 1 cm. above the obex. The wound was closed.
An immediate temperature response on the right side was noted, obtaining its maximum of a 150 F. rise in 17 minutes. Two hours after the lesion was made the temperature on the right had again reached the level of room temperature. During the 14 hours in the constant temperature room no further peripheral changes of temperature were noted. Subsequently, with sterile technic, the suboccipital approach to the region of the vermis was started; after removal of the bone, the dura was left intact. The dog's head was turned on its side, while the trunk was placed on its dorsal aspect allowing access to the femoral arteries.
A Kaufman-Luer syringe was attached to each femoral artery. The syringes were connected by a tube system, filled with 10 per cent Na citrate, to a mercury manometer. Blood pressure readings were thus obtainable from the right and left sides; readings were taken every five minutes.
With the blood pressure apparatus attached, the dura was incised and two lesions, one superficial, the other deep, were made on the right side of the floor of the fourth ventricle, 5 mm. above the obex, approaching the midline without incising it. After the second deeper lesion, an immediate temperature rise on the left, i.e., contralateral side to the lesion, was noted. The maxmum rise of 160 F. was obtained in j/2 hour. One hour and 45 minutes after the lesion was made, the temperature of the left paw was again at the level of the room temperature. No further changes were observed during the next 16 hours of observation.
The blood pressure changes were as follows: B/P: 142 mm. Hg-commencement of operation 130 mm. Hg-after manipulation of head 134 mm. Hg-after dural incision 170 mm. Hg-after cisternal puncture 100 mm. Hg-after exposure of floor of fourth ventricle 106 mm. Hg-after first lesion 94 mm. Hg-10 minutes following lesion 90 mm. Hg-after second lesion 106 mm. Hg-25 minutes after lesion 120 mm. Hg-after closure of wound 120 mm. Hg-3 hours after closure Dog was returned to his cage. 4-16-35 . Dog was very drowsy; did not respond to stimuli. Dog died after profuse hemorrhage from femoral artery, accidentally incurred.
Autopsy: There was no wound infection evident. The brain stem and cerebellum were removed. There was some serosanguineous fluid oozing from the brain tissues. Evidence of a small hemorrhage was present in the floor of the fourth ventricle. No blood clots were seen. Tissues were fixed in 95 per cent alcohol. Discussion An analysis of the experimental findings reveals that small circumscribed lesions made in the cerebral peduncle, pituitary body, walls of the third ventricle, and mammillary bodies failed to produce a peripheral vasodilatation or fluctuations in body temperature, under the prevailing experimental conditions. This lack of vasomotor response suggests the possible existence of one or more of several factors: (a) The possibility that the lesions were made in regions devoid of either sympathetic fibers or nuclei, or both; (b) The possibility of the presence of sympathetic elements at the site of the injuries but that insufficient sympathetic elements were destroyed to produce an effective release of sympathetic control; (c) That the severity of the operative procedures was such as to preclude vasomotor response sufficient to establish collateral circulation in the hind feet; (d) That the state of anesthesia and the type of anesthetic used affected the areas from which it was hoped to provoke a particular function.
With these same factors at play, however, lesions in the floor of the fourth ventricle showed a distinct, and frequently prolonged, peripheral vasodilatation. This suggests that, at least in the caudal third of the fourth ventricle, sympathetic elements are present in sufficient number so that small circumscribed lesions are capable of producing vasomotor changes. Previous work30 on the spinal cord has shown that a sufficient number of sympathetic fibers must be interrupted to accomplish a vasodilatation sufficient to overcome the existing arterial ligation. Charts I, II, and III illustrate the type of response obtained directly after the lesions were made, and the thermic changes that remained for fairly long periods postoperatively. One Certainly, there is no evidence to justify the superimposition of a vasomotor "center" upon the site of a "center" that supposedly regulates blood pressure changes.
The results of these experiments will not permit one to infer a circumscribed central vasomotor center, but they do indicate the existence of central connections for this particular physiological function which may operate independently of blood pressure and body heat control. These findings cannot be brought into agreement with the belief of Laignel-Lavastine2' that the representation of various organs and functions of sympathetic type are probably located in the sympathetic ganglia; nor is there complete acceptance of Spiegel's theory that all groups act as centers for several functions, such as vasomotor changes, pilo-erection, and sweating, and that various effects are produced by peripherally placed elements. It seems more accurate to regard these experiments in the light of Hess' definition," of a "physiological" center which may be distributed over several levels of the central nervous system, and may include numerous anatomical centers.
The present study offers further experimental support to von Monakow's24 concept of central representation of vegetative function, that it is a hierarchic system of a series of superimposed organizations in which each organization is capable of a certain independent function, but that the autonomy may at times be subjected to influences from a higher level. regulatory centers did not demonstrate peripheral vasomotor reactions. 6. There is not sufficient evidence to entertain the belief that the floor of the fourth ventricle harbors a circumscribed "center" which regulates peripheral vasomotor activity. 7 . It seems that the floor of the fourth ventride, in its caudal third, contains a sufficient number of sympathetic elements, either fibers or nudei, or both, so that small lesions release sufficient sympathetic control to establish peripheral vasodilatation. 8. A theoretical proposition is advanced that under certain constant experimental conditions, the peripheral vasomotor mechanism would appear to act independently, but that in "physiological emergencies" there may well exist an interdependence between body temperature regulation, blood pressure changes, and peripheral vasomotor activity.
